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1.0  PURPOSE/SCOPE 


The  purpose  of  this  Phase  I  Small  Business  Innovative  Research  (SBIR)  contract  was  to  develop 
and  demonstrate  the  Space  Technologies  Simulation  (STSim),  a  simulation  environment  which 
has  the  following  features: 

•  Incorporates  on-orbit  space  experiment  assets,  i.e.,  sensors,  satellites,  communications 
networks,  and  command  centers 

•  Supports  all  three  Phillips  Lab/SX  (PL/SX)  system  phases,  i.e..  Definition,  Acquisition,  and 
Operations  Phases 

•  Utilizes  consistent  software  procedures,  tools,  and  infrastructure 

•  Addresses  issues  at  appropriate  scope  and  level  of  fidelity 

•  Supports  both  analysis  and  operator-in-the-loop  modes  of  operation 

•  Utilizes  object-oriented  software  techniques 

The  specific  STSim  application  chosen  to  demonstrate  these  features  was  a  space-based  optical 
sensor  controlled  by  the  forward  user.  The  emphasis  of  STSim  was  on  space  experiment  type 
assets,  i.e.,  satellites  (both  bus  and  payload  systems),  communications  networks,  and  command 
centers.  More  specifically,  the  satellite  bus  is  a  combination  of  Global  Positioning  System  (GPS) 
Block  IIA  and  Block  HR  systems.  The  payload  is  an  optical  sensor  which  is  controlled  by 
commands  from  the  ground,  e.g.,  azimuth  and  elevation  commands.  The  communications 
network  is  a  three  node  system  consisting  of  satellite.  Falcon  Air  Force  Base  (FAFB),  and  PL 
nodes  where  FAFB  serves  as  a  relay  node.  The  command  center  allows  the  user  to  send/receive 
both  bus  and  payload  commands/telemetry. 

The  following  sections  discuss  the  above  STSim  requirements  (Section  2.0),  the  STSim 
development  approach  (Section  3.0),  and  STSim  results  (Section  4.0).  Since  the  emphasis  of  the 
STSim  program  was  on  the  final  demonstration,  only  a  summary  of  the  results  is  presented  in 
Section  4.0. 
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^4. 

2.0  STSim  REQUIREMENTS 

The  STSim  requirements  listed  above  are  designed  to  support  definition,  acquisition,  and 
operation  of  PL  space  experiments.  In  general,  these  phases  are  technically  challenging  as  well  as 
technically  fluid.  STSim  is  responsive  to  both  of  these  aspects  of  space  experiments. 

2.1  INCORPORATE  QN-ORBTT  SPACE  EXPERIMENT  ASSETS 

STSim  is  a  specific  application  of  the  BCSi  simulation  environment  (Fig.  1).  All  models  of  space 
experiment  assets  fall  into  command  center  (BCCmdCtr),  communications  network  (BCCom),  or 
physics-based  environment  (BCSim)  simulation  segments.  The  proctor  and  network  manager 
segments  of  the  BCSi  simulation  environment  are  not  included  in  the  current  version  of  STSim, 
although  they  are  options  which  may  be  added. 
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Figure  1 .  BCSi  simulation  environment. 

BCCmdCtr  software  supports  development  of  operator-in-the-loop  Human  Computer  Interfaces 
(HCIs).  These  HCIs  replicate  operator  interfaces  such  as  telemetry  screens  and  command 
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generation  screens.  The  STSim  HCI  allows  the  user  to  send/receive  both  bus  and  payload 
commands/telemetiy.* 

BCCom  is  a  high-fidelity  message-based  communications  modeling  tool  which  includes  features 
such  as  routing  algorithms,  buffer  management,  protocols,  message  priority,  and  node  dynamics. 
BCCom  supports  both  detailed  analysis  and  operator-in-the-loop  operations.  BCCom  is  used  in 
STSim  to  model  the  strawman  three  node  space  experiment  communications  network. 

BCSim  supports  object-oriented  development  of  physics-based  models.  Models  may  be 
continuous,  multi-rate,  and/or  input/output-driven.  BCSim  also  supports  both  analysis  and 
operator-in-the-loop  operations.  STSim  uses  BCSim  to  model  the  satellite  bus  and  payload 
systems. 

2.2  SUPPORT  ALL  THREE  PL/SX  SYSTEM  PHASES 

STSim  has  the  flexibility  required  to  support  all  three  PL/SX  system  phases,  i.e..  Definition, 
Acquisition,  and  Operations  Phases. 

2.2.1  Definition  Phase 

During  the  Definition  Phase,  the  STSim  environment  can  be  used  to  derive  detailed  technical 
specifications.  For  example,  the  communications  network  segment  of  STSim  (BCCom)  can  be 
used  to  define  all  system  nodes  and  links.  Nodes  can  be  further  defined  to  include  buffer  size  and 
management  algorithms,  message  processing  rates,  protocols,  message  routing,  and  message 
formats.  Links  can  be  further  defined  to  include  data  rates  and  Bit  Error  Rates  (BERs).  The 
effects  of  each  of  these  design  parameters  upon  overall  network  performance  can  be  assessed. 

In  a  similar  manner,  detailed  technical  requirements  of  physics-based  systems  can  also  be  derived 
using  BCSim.  For  example,  satellite  subsystems  and  subsystem  interfaces  can  be  designed  and 
analyzed,  e.g.,  satellite  attitude  control  laws,  power  system  sizing,  etc. 
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Finally,  since  both  BCCom  and  BCSim  support  analysis  and  operator-in-the-loop  modes  of 
operation,  STSim  can  be  used  to  demonstrate  prototype  system  operations  to  include  operator 
HCIs.  At  the  conclusion  of  the  Definition  Phase,  then,  the  customer  can  clearly  define  the 
detailed  technical  requirements  for  communications  networks,  physics-based  systems  (e.g., 
satellites,  sensors,  etc.),  and  operator  HCIs.  These  detailed  technical  requirements  can  serve  as 
the  basis  for  technical  support  of  the  Acquisition  Phase. 

2.2.2  Acquisition  Phase 

STSim  can  be  used  to  support  a  number  of  aspects  of  the  Acquisition  Phase.  First,  the  detailed 
technical  requirements  and  models  developed  from  the  Definition  Phase  can  provide  both 
'performance  audit'  and  'technical  roadmap'  information  during  system  acquisition.  For  example, 
test  results  of  system  components  can  be  integrated  into  STSim  as  they  become  available. 
Subsequent  analysis  can  be  used  to  provide  both  an  ongoing  audit  of  system  performance  and  an 
assessment  of  the  effects  of  component  anomalies  such  as  underperforming  communications 
processors,  higher  BERs,  etc. 

Second,  STSim  can  be  used  to  exploit  potential  system  upgrades.  For  example,  technically 
sophisticated  systems  often  require  extended  periods  for  system  acquisition  and  test.  During  this 
time,  new  and/or  improved  technologies  inevitably  become  available;  technologies  such  as 
increased  processor  speeds,  different  network  protocols,  etc.  STSim  can  be  used  to  assess  the 
utility  of  integrating  these  new/improved  technologies. 

And  finally,  STSim  can  be  used  to  support  actual  component/subsystem  testing  by  wrapping  parts 
of  STSim  around  the  component  of  interest.  For  example,  the  STSim  GPS  satellite  model  can  be 
used  to  drive  ground  control  software  or  the  command  center  software  can  be  used  to  drive 
actual  on-board  satellite  software.  (Other  BCSi  software  similar  to  STSim  is  currently  being  used 
in  these  capacities  to  support  development  of  a  commercial  satellite  program  currently  under 
development.) 
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2.2.3  Operations  Phase 


STSim  can  be  used  to  support  three  aspects  of  the  systems  Operations  Phase.  First,  it  can  be  used 
to  determine  the  performance  of  the  current  system  under  various  loads  and  stresses.  For 
example,  the  BCCom  portion  of  STSim  can  be  used  to  determine  operational  performance  of  the 
communications  network  under  a  variety  of  experiment  message  loadings  and/or  stress  events 
such  as  link/node  outage  or  degradation. 

Second,  various  aspects  of  system  anomalies  can  be  analyzed  using  STSim.  Again,  wdth  regard  to 
the  communications  network,  the  high-fidelity,  message-based  features  of  BCCom  can  be  used  to 
identify  specific  nodes  and  specific  effects  of  network  anomalies.  The  effects  can  be  determined 
via  analysis  and  operator-in-the-loop  modes  of  simulation.  Once  the  problem  has  been  identified, 
the  solution  or  parameters  of  the  solution  can  be  determined.  If  the  problem  is  a  result  of  network 
issues  such  as  buffer  size,  message  processing  rates,  link  BERs,  etc.,  BCCom  can  be  used  to 
confirm  potential  solutions.  If,  on  the  other  hand,  the  problem  is  embedded  in  the  operational 
software,  BCCom  can  support  analysis  of  the  parameters  of  the  solution.  Even  though  one  would 
not  use  BCCom  to  debug  operational  software,  it  can  be  used  to  parameterize  the  solution,  i.e., 
message  processing  rates,  message  formats,  etc. 

And  third,  various  portions  of  STSim  can  support  operator  training  for  both  satellite  bus  and 
payload  subsystems. 

2.3  CONSISTENT  SOFTWARE  PROCEDURES.  TOOLS.  AND  INFRASTRUCTURE 

STSim  has  been  developed  using  a  consistent  set  of  BCSi  procedures,  tools,  and  infrastructure 
classes.  The  procedures  are  outlined  in  Section  3.0  and  are  grouped  in  object  design,  object 
development,  and  integrated  system  phases.  Each  phase  supports  the  object-oriented  approach 
and  has  specific  tasks  and  reviews.  Development  of  other  applications  will  follow  these  same 
phases. 
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The  major  BCSi  software  segments  used  in  STSim  are  consistent  with  the  object-oriented 
approach.  BCCmdCtr  and  BCSim  are  BCSi  tools  which  support  full  object-oriented  software 
development  of  HCIs  and  physics-based  models,  respectively.  BCCom,  the  high-fidelity  message- 
based  network  modeling  tool,  is  not  currently  object-oriented.  When  used  in  operator-in-the-loop 
simulation  environments,  however,  the  network  model  is  a  separate  process  operating  as  an 
independent  communications  object. 

Along  with  each  of  the  STSim  segments,  there  is  an  existing  infrastructure  developed  during  other 
intemal/extemal  projects.  BCCmdCtr  has  been  used  to  command  and  control  several  satellite 
systems  as  well  as  support  missile  warning.  BCCom  has  been  used  to  model  a  wide  variety  of 
communications  networks,  some  for  analysis  and  others  for  operator-in-the-loop  operations. 
Network  model  applications  have  included  both  satellite  command  and  control  as  well  as  missile 
warning.  BCSim  has  been  used  to  model  satellites,  launch  vehicles,  and  sensors.  A  rich  set  of 
supporting  classes  such  as  FreeBody,  SpaceVehicle,  and  LaunchVehicle  has  been  developed 
which  support  a  variety  of  other  applications.  Section  4.1.3  gives  a  brief  overview  of  these 
classes. 

The  combination  of  procedures,  tools,  and  infrastructure  classes  allows  STSim  to  be  tailored  to 
the  appropriate  scope  and  level  of  fidelity  during  Definition,  Acquisition,  and  Operations  Phases 
of  space  experiments. 

2.4  FLEXIBLE  SCOPE  AND  LEVEL  OF  FIDELITY 

As  shown  during  the  final  demonstration,  STSim  is  extremely  flexible  with  regard  to  both  scope 
and  level  of  fidelity.  With  regard  to  STSim  scope,  depending  upon  the  particular  STSim 
configuration,  various  segments  can  be  run  standalone  or  integrated  in  an  end-to-end  simulation. 
For  example,  the  communications  network  model  and  satellite  operations  can  be  run  standalone 
for  individual  segment  analysis.  They  may  also  be  integrated  with  command  center  software  to 
provide  a  simulation  environment  which  extends  from  the  satellite  bus  and  payload  systems 
through  the  communications  network  and  to  the  forward  user  at  PL. 
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Flexibility  with  regard  to  level  of  fidelity  is  also  an  integral  part  of  STSim.  For  example, 
communications  network  models  may  be  easily  enhanced  through  the  BCCom  menu-driven 
interface  and  integrated  with  STSim.  Subsystem  models  of  satellites  other  than  GPS  Block  IIA 
and  HR  have  been  developed  in  support  of  numerous  other  simulation  efforts  and  can  be  easily 
integrated.  Such  flexibility  allows  the  user  to  tailor  the  simulation  environment  segments  to  the 
appropriate  scope  and  level  of  fidelity. 

2.5  SUPPORT  BOTH  ANALYSTS  AND  OPERATOR-IN-THE-LOOP 
MODES  OF  OPERATION 

It  is  important  that  a  simulation  environment  to  be  used  in  the  defintion,  acquisition,  and  operation 
of  space-based  experiments  support  both  analysis  and  operator-in-the-loop  modes  of  operation. 
Oftentimes,  considerable  insight  is  provided  by  an  'operator's  eye'  view  of  a  detailed  technical 
issue.  Conversely,  it  is  also  important  to  be  able  to  define  the  technical  details  of  operational 
requirements.  Obviously,  both  analysis  and  operator-in-the-loop  modes  must  use  consistent 
models. 

As  demonstrated  in  the  Final  Briefing,  STSim  supports  both  analysis  and  operator-in-the-loop 
modes  of  operation.  The  models  used  in  both  cases  are  the  same;  only  the  segment  interfaces  are 
modified. 

2.6  UTILIZE  OBJECT-ORIENTED  TECHNIQUES 

The  fundamental  feature  of  STSim  which  provides  the  capabilities  mentioned  above  is  the 
implementation  of  object-oriented  design  and  development.  Satellite  subsystem  models  of  one 
fidelity  can  be  easily  replaced  with  other  models  which  have  been  tuned  to  the  particular 
application.  Software  segments  can  be  easily  integrated  to  expand  or  restrict  the  scope  of  the 
simulation.  As  a  result,  the  flexibility  provided  by  the  object-oriented  approach  makes  STSim 
responsive  to  space  experiment  Definition,  Acquisition,  and  Operations  phases. 
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3.0  STSim  DEVELOPMENT  APPROACH 


The  approach  used  to  develop  STSim  was  to  tailor  the  existing  BCSi  simulation  environment  to 
the  space  experiment  application.  Typically,  development  is  conducted  in  three  phases,  each 
phase  consisting  of  specific  tasks  and  culminating  with  the  following  respective  design  reviews. 

•  Object  Design  Review  -  BCSi  reviews  overall  STSim  architecture  and  the  scope  and  level  of 
fidelity  of  all  STSim  objects.  BCSi  demonstrates  object  motion  and  an  initial  version  of  the 
user  interface.  Customer  reviews  object  definition  and  user  interface. 

•  Object  Development  Review  -  BCSi  describes  and  demonstrates  results  of  object  development 
and  upgrades  to  the  user  interface.  Customer  reviews  object  development  with  respect  to 
scope  and  level  of  fidelity  as  well  as  the  user  interface  with  respect  to  preprocessing,  runtime, 
and  postprocessing  data  accessibility. 

•  Integrated  System  Review  -  BCSi  presents  results  of  the  integrated  operations. 

Due  to  the  size  of  this  project,  only  a  final  demonstration  of  the  Integrated  System  Review  was 
conducted.  The  status  of  object  design  and  development  was  documented  via  monthly  status 
reports.  The  following  sections  give  a  brief  description  of  the  tasks  performed  during  all  three 
software  phases. 

3.1  OBJECT  DESIGN  PHASE 


The  purpose  of  the  Object  Design  Phase  was  to  define  simulation  objects  and  demonstrate  the 
STSim  object  dynamics  and  HCI.  Specific  tasks  performed  include; 

•  Identify  simulation  requirements 

•  Specify  relevant  simulation  scenario 

•  Define  simulation  architecture,  i.e.,  define  top-level  objects  and  interrelationships 

•  Design  and  implement  the  dynamic  motion  of  top-level  objects  (full  object  functionality  is 
added  during  the  Object  Development  Phase) 
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•  Design  minor  objects  within  each  top-level  object  to  appropriate  scope  and  level  of  fidelity 

•  Conduct  Object  Design  Review 

3.2  OBJECT  DEVELOPMENT  PHASE 

The  purpose  of  the  Object  Development  Phase  was  to  develop  those  objects  defined  during  the 
previous  phase  and  perform  the  first  iteration  of  the  HCI.  Specific  tasks  include; 

•  Prototype  all  objects  to  prescribed  scope  and  level  of  fidelity 

•  Verify  object  design  with  available  test  or  analytical  results 

•  Integrate  minor  objects  within  appropriate  top-level  objects 

•  Conduct  Object  Development  Review 

3.3  INTEGRATED  SYSTEM  PHASE 

The  purpose  of  the  Integrated  System  Phase  was  to  integrate  all  major  and  minor  objects  to  form 
the  STSim  simulation  environment.  Specific  tasks  include; 

•  Integrate  all  STSim  objects 

•  Begin  testing  end-to-end  STSim 

•  Begin  final  report 

•  Conduct  Integrated  Systems  Review 
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4.0  STSim  RESULTS 


The  major  segments  of  STSim  correspond  to  the  scope  described  previously  (Fig.  2).  The 
satellite  operations  command  center  was  developed  using  BCCmdCtr  and  included  bus  and 
payload  operations.  The  communications  network  was  developed  using  BCCom  and  included 
nodes  for  PL,  FAFB,  and  satellite  communications.  The  space-based  platform  was  developed 
using  BCSim  and  included  subsystem  models  for  both  the  payload  experiment  and  satellite  bus 
operations. 


Figure  2.  Top-level  STSim  software  segments. 

Sections  4.1  through  4.3  discuss  each  of  these  segments  as  they  were  presented  in  the  final 
briefing,  i.e.,  satellites,  comm  networks,  and  command  centers.  Each  subsection  discusses 
segment  highlights,  top-level  design,  and  results.  Section  4.4  gives  a  brief  description  other 
related  options  available,  i.e.,  threat/launch  vehicles,  medium,  and  proctor  functions. 

4.1  STSim  SATELLITE 

4.1.1  Satellite  Highlights 

The  satellite  segment  has  the  following  features: 

•  Variable  fidelity  satellite  bus  and  payload  modeling  capability 

•  Six  degree  of  freedom  orientation 

•  Kepler  propagator  or  simple  geosynchronous  propagator  models 
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•  Fully  object-oriented  design  for  easy  interchangeability  of  components  and  instantiation  of 
multiple  occurrences 

•  Bus  subsystems  are  hybrids  of  GPS  IIA/IIR  and  include  TT&C,  Propulsion,  Thermal,  Attitude 
Controls,  Structures,  Power 

•  Payload  model  is  a  ground -controlled  optical  sensor 

4.1.2  Satellite  Design 

The  satellite  class  and  object  hierarchies  are  depicted  in  Figure  3.  The  class  hierarchy  denotes  that 
the  STSim  satellite  inherits  from  the  SpaceVehicle  class  which,  in  turn,  inherits  from  the 
FreeBody  class.  Stated  another  way,  the  STSim  satellite  is  a  SpaceVehicle  which  is  a  FreeBody. 
The  SpaceVehicle  and  FreeBody  classes  are  part  of  the  BCSi  software  infrastructure  as 
implemented  within  BCSim.  Together,  these  two  classes  support  the  physical  integration  of 
dynamic  components.  More  specifically,  the  FreeBody  class  supports  determination  of 
forces/torques,  orientation,  and  graphical  realizations.  The  SpaceVehicle  class  supports  six 
degree  of  freedom  space  vehicle  dynamics.  Detailed  descriptions  of  the  architecture  and  use  of 
these  classes  are  provided  in  other  documents  (Ref  1). 


Class  Hierarchy 


Object  Hierarchy 


TT&C 


Fifos 


ACS 


Prop 


SENS 


Solar  Panels 


EPS 


Comm 


Link  Stress 


CMDS  &  TLM 


S  V  Pointing 


Comm  Payload 


Figures.  STSim  satellite  design. 
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The  object  hierarchy  depicts  the  top-level  subsystems  of  the  STSim  satellite.  As  indicated,  these 
subsystems  fall  into  the  commands/telemetry,  satellite  pointing,  and  communications  payload 
categories.  In  addition,  the  structure  subsystem  is  modeled  via  the  SpaceVehicle  and  FreeBody 
classes  and  does  not  appear  explicitly  within  the  object  hierarchy.  Features,  design,  and  typical 
results  of  the  major  objects  within  the  satellite  hierarchy  (i.e.,  structures.  Electric  Power 
Subsystem  (EPS),  Attitude  Control  System  (ACS),  propulsion,  and  payload)  are  discussed  in  the 
following  subsections.  The  File  In  File  Out  (FIFO)  and  Link  Stress  objects  support  STSim 
satellite  connectivity  with  other  STSim  segments  such  as  the  communications  network  model  and 
command  center  and  will  not  be  discussed  in  detail. 

4.1.3  Satellite  Structures 

4. 1 .3. 1  Satellite  Structures  Highlights.  The  satellite  structure  model  has  the  following  features: 

•  Fully  object-oriented  architecture 

•  Automatically  duplicates  architecture  of  actual  physical  system  via  FreeBody/SpaceVehicle 
Classes 

•  Attach  components  to  base  structure 

•  Component  defined  by  mass,  moments  of  inertia,  position/orientation,  etc. 

•  Virtual  transmission  of  torque/forces  and  relative  position/orientation 

•  Supports  3-D  graphical  animation 

•  Performs  translation/rotation  dynamics 

4. 1.3.2  Satellite  Structures  Design.  The  structures  design  hierarchy  reflects  the  SpaceVehicle 
and  FreeBody  classes  as  well  as  the  BCBlock  class  (Fig,  4).  The  BCBlock  class  supports  object 
connectivity  and  controls  object  execution  while  the  SpaceVehicle  and  FreeBody  classes  support 
functions  described  previously. 
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Class  Hierarchy 


Basic  Functions 


Connectivity 

Execution 
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Graphics 
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Dynamics 


Figure  4.  Satellite  structures  hierarchy. 

When  used  together,  these  classes  allow  the  developer  to  create  a  BCSim  simulation  of  the 
satellite  in  software  in  a  manner  analogous  to  building  the  actual  satellite  in  hardware.  For 
example,  attaching  a  sensor  to  the  actual  satellite  structure  establishes  the  orientation  of  the 
sensor  vis-a-vis  the  satellite;  and  attaching  a  thruster  establishes  force/torque  effects  on  the 
satellite.  Similarly,  the  developer  may  "attach"  a  sensor  or  thruster  to  the  satellite  structure  by 
specifying  Space Vehicle/FreeBody  data  members  such  as  position  and  orientation  values.  After 
attaching  the  component,  the  developer  may  use  any  of  the  various  member  functions  which 
determine  orientations,  forces,  torques,  dynamics,  etc.  Again,  details  of  BCSim  and  existing 
infrastructure  classes  are  contained  in  other  documents  (Ref  1). 

4. 1.3.3  Satellite  Structures  Results.  The  results  of  the  structure  model  were  demonstrated  during 
the  final  briefing  and  included  3-D  articulated  graphics,  runtime  control  interfaces,  and  the 
dynamics  effects  of  ACS  and  propulsion  subsystems.  Sun  and  earth  motion  were  also  included  in 
the  environment  model.  Plots  depicting  satellite  dynamics,  attitude  control  commands,  and 
thruster  forces  for  an  initial  capture  scenario  are  presented  in  Section  4.1.5,  Satellite  Attitude 
Control  Subsystem. 
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4.1.4  Satellite  Electrical  Power  Subsystem 


4. 1 .4. 1  Satellite  EPS  Highlights.  The  satellite  EPS  model  has  the  following  features: 

•  Hybrid  of  GPS  Block  IIA/IIR  configurations 

•  Models  all  power  management  functions,  e  g.,  batteries,  power  regulation  unit,  and  shunt 
dissipators 

•  GPS  Block  IIA  solar  array  drive  digital  logic  controller 

•  Supported  by  PowerLoad  and  PowerBus  classes 

4. 1.4.2  Satellite  EPS  Design.  The  STSim  satellite  EPS  model  is  a  hybrid  of  an  existing  BCSi 
simulation  of  the  GPS  Block  IIA  EPS  and  the  GPS  Block  HR  EPS.  The  Block  HR  EPS,  as 
described  in  the  HR  Orbital  Operations  Handbook  (OOH),  is  depicted  in  Figure  5.  The  class  and 
object  hierarchy  as  modeled  in  BCSim  has  an  architecture  consistent  with  HR  (Fig.  6).  Solar 
array  drive  and  battery  models  are  IIA  models.  The  Power  Regulation  Unit  (PRU)  and  the  EPS 
bus  and  power  loading  architecture  are  HR  designs. 


Figure  5.  Satellite  EPS  subsystem. 
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Class  Hierarchy  Object  Hierarchy 


Figure  6.  Satellite  EPS  hierarchy. 

The  EPS  model  has  multiple  power  buses.  Each  bus  can  have  multiple  power  loads  attached  to  it 
via  specifying  individual  impedances.  By  summing  the  bus  impedance,  the  effects  of  component 
power  loads  on  bus  voltage  can  be  modeled. 

4. 1.4.3  Satellite  EPS  Results.  Figures  7  through  9  depict  the  results  for  a  scenario  wherein  the 
solar  panels  are  initially  oriented  to  the  sun  and  then  are  individually  rotated  via  ground 
commands.  Initially,  both  panels  provide  nearly  800  watts  (Figs.  7a,b).  Since  this  is  considerably 
more  than  the  power  load  required  for  this  scenario  (arbitrarily  set  to  600  watts),  the  power  is 
directed  to  charging  of  the  batteries  as  indicated  by  the  increase  in  the  battery  voltage  and  the 
relatively  small  value  of  positive  battery  current  (Figs.  8a,b).  Since  the  power  generated  by  the 
solar  panels  is  still  more  than  required,  power  is  shunted  as  indicated  by  the  drop  in  the  net 
current  coming  out  of  the  shunt  boom  assembly  (Fig.  9b).  After  the  initial  transients  settle,  the 
bus  voltage  goes  to  28.5  volts  (Fig.  7c),  the  battery  voltage  and  current  go  to  their  respective 
steady  state  charge  values,  and  the  boost  current  is  not  needed  (Fig.  8c). 
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(a)  +y  panel  power  generated. 
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(b)  -y  panel  power  generated. 


Time 


(c)  Main  bus  voltage. 

Figure  7.  EPS  panel  power  and  bus  voltage. 
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(b)  Battery  1  current. 


(c)  Battery  boost  current. 


Figure  8.  EPS  battery  voltage,  battery  current,  and  boost  current. 
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(a)  Regulated  voltage  out  of  shunt  boom  assembly. 


Time 

(b)  Regulated  current  out  of  shunt  boom  assembly. 

Figure  9.  EPS  shunt  boom  assembly  output  voltage  and  current. 

The  +y  solar  panel  is  rotated  away  from  the  sun  starting  at  approximately  90  seconds  into  the 
scenario  and  faces  completely  away  from  the  sun  approximately  15  seconds  later  (Fig.  7a).  As  the 
+y  panel  is  rotated,  the  bus  voltage  goes  down  a  fraction  of  a  volt  (Fig.  7c),  the  batteries  stop 
charging  and  are  required  to  supply  a  small  amount  of  boost  current  (Fig.  8).  The  battery  boost 
voltage  is  fixed  at  approximately  20.2  volts  (Fig.  8a).  And  finally,  the  net  current  out  of  the  shunt 
boom  is  slightly  reduced  (Fig.  9c). 
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When  the  -y  panel  is  rotated  at  approximately  125  seconds  (Fig.  7b),  the  bus  voltage  again  drops, 
the  boost  current  from  the  batteries  is  increased  considerably,  and  the  power  out  of  the  shunt 
boom  assembly  drops  to  zero  (i.e.,  the  panels  are  supplying  no  power).  Unlike  the  +y  panel  which 
stopped  rotating  when  it  faced  away  from  the  sun,  the  -y  panel  continued  to  rotate  until  it  reached 
a  fixed  offset  near  the  end  of  the  scenario.  The  transients  as  the  PRU  adjusts  between  battery 
charging  and  batteries  providing  boost  current  are  evident  during  the  last  ten  seconds  of  the 
simulation  run. 

4.1.5  Satellite  Tracking  Telemetry  and  Control  (TT&C) 

4. 1 .5. 1  Satellite  TT&C  Highlights.  The  satellite  TT&C  model  has  the  following  features; 

•  Receives  GPS  Block  HR  commands 

•  Generates  GPS  Block  HR  telemetry  stream 

•  Records  all  commands  received  as  a  function  of  time 

•  Uses  actual  bit  format  for  both  commands  and  telemetry  (excluding  encryption) 

•  Decodes  all  seven  types  of  commands  (discrete,  message,  and  configuration) 

•  Routes  commands  to  appropriate  subsystem 

•  Uses  command  database  for  decoding  (343  discrete  commands  and  181  serial  message 
commands) 

•  Transmits  entire  telemetry  master  frame  (8  major  frames,  64  minor  frames,  4096  words) 

•  Uses  telemetry  master  frame  database  (5968  items) 

•  Encodes  actual  sensed/measured  values  from  subsystems 

•  Handles  all  types  of  telemetry  (serial,  analog,  discrete  logic) 

•  Uses  the  normal  telemetry  mode  (but  not  Dwell  or  Dump  modes) 

4. 1.5.2  Satellite  TT&C  Design.  The  satellite  TT&C  subsystem  has  been  upgraded  to  reflect  the 
GPS  Block  HR  architecture  (Fig.  10).  Starting  with  the  commands  received  on-board  the 
satellite,  the  Command  Receiver  class  accepts  the  command  and  strips  off  any  communications 
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network  message  headers.  The  resulting  20  bit  command  is  then  passed  to  the  Command 
Decoder  Unit  (CDU).  The  CDU  determines  which  of  the  seven  the  message  types  has  been 
received,  e.g.,  CDU  configuration,  CDU  discrete.  Payload  Control  Electronics  (PCE)  discrete, 
precursor,  serial  message,  abort,  and  no  operation  commands. 


Figure  10.  Satellite  TT&C  architecture. 

Command  processing  depends  upon  the  command  type.  CDU  configuration  commands  apply  to 
the  CDU  only  and  are  not  passed  to  any  other  subsystem.  These  commands  turn  on  and/or  swap 
CDUs. 

The  PCE  and  CDU  discrete  commands  affect  the  payload  and  CDU  subsystems,  respectively.  A 
20-bit  discrete  command  contains  a  10-bit  command  code  which  is  passed  on  to  the  appropriate 
subsystem  for  subsequent  processing.  The  discrete  commands  database  (Appendix  A)  is  used  to 
translate  the  10-bit  discrete  command  code  into  a  command  integer  before  it  is  passed  to  the 
corresponding  subsystem. 
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Message  commands  are  serial  commands  which  start  with  a  precursor  command.  The  precursor 
puts  the  CDU  into  the  message  mode,  setting  the  counter  to  the  number  of  messages  to  follow. 
When  in  the  message  mode,  only  configuration  commands  or  the  abort  command  are  accepted. 
Configuration  commands  are  decoded  and  validated  and  then  routed  to  other  subsystems.  Three 
types  of  configuration  commands  are  processed;  command  words,  data  parameters,  and 
checksums.  The  message  command  database  is  used  to  determine  the  command  format 
(Appendix  B).  The  abort  message  will  immediately  abort  the  message  mode  by  returning  the 
CDU  to  the  non  message  mode. 

When  the  message  counter  reaches  zero,  all  messages  have  been  received  and  the  CDU  exits  the 
message  mode.  The  CDU  may  also  exit  the  message  mode  via  the  timeout  feature  (set  to 
42  seconds).  If  the  entire  message  has  not  been  received  by  the  CDU  timeout,  the  CDU  will  abort 
the  message  mode. 

The  no  operations  command  is  used  for  command  verification  and  validation  and  ensures  that  the 
satellite  is  receiving  commands.  The  command  counter  is  incremented  and  will  be  evident  in  the 
telemetry  stream. 

The  telemetry  stream  is  constructed  by  the  Telemetry  Information  Unit  (TIU)  on-board  the 
satellite.  The  stream  is  constructed  of  one  master  frame  per  data  cycle;  each  master  frame 
consisting  of  8  major  frames;  each  major  frame  consists  of  8  minor  frames;  and  each  minor  frame 
consists  of  64  words  laid  out  in  an  8x8  matrix.  The  size  of  one  complete  data  cycle  is  32,768  bits 
and  can  be  transmitted  at  either  500  bps  or  4000  bps. 

The  telemetry  database  has  been  created  from  the  telemetry  listing  contained  in  the  GPS  Block 
HR  OOH  (Appendix  C).  This  database  contains  information  about  the  telemetry  measurands  and 
the  mapping  of  these  measurands  into  the  telemetry  stream.  Upon  program  initiation  and  reading 
of  the  telemetry  database,  measurand  and  telemetry  stream  mapping  structures  are  created. 

Values  in  the  measurand  data  structure  may  be  updated  by  the  appropriate  satellite  subsystems. 
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The  mapping  structure  creates  the  telemetry  stream  using  the  current  values  in  the  measurand  data 
structure. 

In  creating  the  telemetry  stream,  the  TIU  operates  in  one  of  three  modes:  Normal,  Dump  and 
Dwell.  The  Normal  mode  creates  the  stream  from  the  nominal  mapping  information.  In  the 
Dump  and  Dwell  modes,  minor  frame  words  4  through  7,  12  through  15,  etc.  are  replaced  with 
the  data  requested  by  the  Dump  or  Dwell  modes.  The  STSim  TT&C  only  operates  in  the  Normal 
mode. 

Finally,  there  are  four  measurand  formats:  Serial,  Analog  High,  Analog  Passive,  and  Discrete 
Logic.  Information  contained  in  the  OOH  specifies  which  format  applies  to  each  measurand. 

4. 1.5.3  Satellite  TT&C  Results.  All  commands  are  recorded  to  a  log  file  during  a  specific  run. 
These  log  files  can  be  used  for  operator  review  and/or  for  script  inputs.  A  small  portion  of  the  log 
file  of  a  particular  run  is  depicted  in  Figure  1 1 . 


DISCRETE  Cmd  1  issued  at  29.900000 
DISCRETE  Cmd  201  issued  at  144.900000 
DISCRETE  Cmd  209  issued  at  1 5 1 .900000 
DISCRETE  Cmd  211  issued  at  152.900000 
DISCRETE  Cmd  221  issued  at  156.400000 
DISCRETE  Cmd  221  issued  at  163.400000 
DISCRETE  Cmd  223  issued  at  166.400000 
Message  Mode  ENABLED  for  3  msgs  at  209.400000 
Received  MESSAGE  3000001  at  210.400000 
Received  MESSAGE  2000621  at  210.900000 
Received  MESSAGE  2000454  at  2 1 1 . 1 50000 
MESSAGE  issued  and  Mode  terminated  at  21 1.150000 
Message  Mode  ENABLED  for  3  msgs  at  219.025000 
Received  MESSAGE  3000001  at  220.025000 
Received  MESSAGE  2000145  at  220.525000 
Received  MESSAGE  2000454  at  220.775000 


Figure  11.  Satellite  TT&C  commands  log  file. 
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The  log  file  indicates  several  discrete  commands  were  received.  At  approximately  209  seconds 
into  the  simulation,  the  message  mode  was  enabled  and  a  message  command  was  received  on¬ 
board  the  satellite.  The  message  mode  was  terminated  at  approximately  211  seconds.  Another 
message  command  was  sent  at  approximately  220  seconds. 

STSim  telemetry  is  not  logged,  although  this  feature  is  available  and  has  been  incorporated  in 
other  BCSi  simulation  environments.  Generation  of  telemetry  on  the  satellite  transmission  through 
the  communications  network,  and  display  at  the  PL/Command  Center  was  demonstrated  during 
the  final  briefing. 

4.1.6  Satellite  Attitude  Control  Subsystem  (ACS) 

4. 1.6.1  Satellite  ACS  Highlights.  The  satellite  ACS  model  has  the  following  features: 

•  High-fidelity  GPS  IIA  jet  controller 

•  Jet  select  modified  for  GPS  HR 

•  Mass  properties  updated  for  GPS  HR 

•  Sensor  architecture  updated  to  use  FreeBody  class 

•  Solar  panel  controller  is  GPS  HA 

•  High-fidelity  wheel  control  and  thruster  momentum  dumping  available 

4. 1.6.2  Satellite  ACS  Design.  The  STSim  satellite  ACS  replicates  the  thruster  control  system  on¬ 
board  the  GPS  Block  HA,  i.e.,  the  STSim  controller  has  the  same  architecture,  controller  gains, 
difference  equations,  and  sample  rates.  A  top-level  block  diagram  of  the  control  law  architecture 
as  implemented  in  the  Jet  Control  Logic  module  is  depicted  in  Figure  12. 
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Figure  12.  Satellite  ACS  control  law  architecture. 

The  outputs  of  the  thruster  controller  are  on/ofF  commands  for  each  satellite  axis.  These  logical 
commands  are  converted  to  specific  thruster  commands  in  the  Jet  Select  Logic  module. 

4. 1.6.3  Satellite  ACS  Results.  Results  of  a  typical  initial  capture  of  the  satellite  are  depicted  in 
Figures  13  through  15.  The  initial  roll  and  pitch  angles  of  the  satellite  are  zero  and  required  no 
correction.  The  initial  yaw  angle  of -23. 5  degrees  required  controller  action  (Fig.  13).  The  yaw 
command  was  set  to  one  to  cause  the  satellite  to  rotate  in  the  +yaw  direction  (i.e.,  about  the  +z 
axis).  At  approximately  20  seconds,  a  series  of  -yaw  commands  were  issued  to  slow  and 
eventually  null  the  yaw  rotation  (Fig.  14).  Selected  thruster  commands  are  depicted  in  Figure  15. 
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(b)  Satellite  attitude  -  pitch. 
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(c)  Satellite  attitude  -  yaw. 

Figure  13.  Satellite  attitude  -  initial  capture. 
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Command  Command  Comnr^nd 


(a)  Roll  command. 


Time 

(b)  Pitch  command. 


Time 

(c)  Yaw  command. 

Figure  14.  Satellite  control  commands  -  initial  capture. 
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The  satellite  pitch  angle  slowly  drifts  off  null  as  the  satellite  propagates  in  its  orbit.  At 
approximately  70  seconds,  the  pitch  angle  exceeds  the  deadband  value  of  .8  degrees  and  the 
satellite  continues  in  a  limit  cycle  as  indicated  by  the  attitude  and  thruster  commands  (Figs.  13b, 
14b,  15b).  The  roll  angle  never  exceeded  the  deadband  value  and  therefore  required  no  control 
action  (Figs.  13a,  14a,  15a). 

4.1.7  Satellite  Propulsion  Subsystem 

4. 1 .7. 1  Satellite  Propulsion  Subsystem  Highlights.  The  satellite  propulsion  subsystem  has  the 
following  features: 

•  Responds  to  changes  in  pressure,  temperature,  and  mass  of  each  propellant  tank 

•  Responds  to  all  latch  valve  commands  and  connectivity 

•  Determines  thruster  force  as  a  function  of  propellant  tank  pressure  and  temperature 

4. 1.7.2  Satellite  Propulsion  Subsystem  Design.  The  satellite  propulsion  subsystem  model 
duplicates  the  architecture  of  the  actual  Block  HR  system  (Fig.  16).  In  particular,  two  tanks,  four 
latch  valves,  and  16  thrusters  are  modeled.  The  characteristics  of  each  of  these  components  is 
described  in  the  propulsion  subsystem  highlights  listed  above.  The  location  and  orientation  of 
each  thruster  corresponds  to  Block  HR.  All  thrusters  models  inherited  the  FreeBody  class, 
thereby  making  determination  of  thruster  orientation  and  the  effects  of  thruster  forces  and  torques 
straightforward. 
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Figure  16.  Satellite  propulsion  subsystem  model. 

Propulsion  Subsystem  Re.snits.  The  thruster  results  of  the  initial  capture  scenario 
portrayed  in  the  ACS  section  (Section  4.1.6)  are  depicted  in  Figure  17.  As  the  thruster  pulses, 
the  tank  pressure  is  drawn  down  a  small  amount  (note  the  scale  of  the  axis).  The  pressure 
vanation  is  not  noticeable  from  the  latch  valve  pressure  scale.  The  actual  thrust  is  approximately 
.22  Ibf  and  corresponds  the  propellant  tank  pressure. 
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(b)  Latch  valve  1  pressure. 


(c)  Thruster  #2  force. 


Figure  17.  Satellite  thruster  output  -  initial  capture. 
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4.1.8  Satellite  Optical  Sensor  Pavlnari 


Stellite  Optical  Sensor  Payload  Highlights.  The  satellite  optical  sensor  payload  model 
has  the  following  features: 

•  Generates  sensor  field  of  view  image  information 

•  Commandable  horizontal  and  vertical  offset 

•  Optical  characteristics  are  configurable  (i.e.,  beam  diameter  at  earth) 

•  Graphical  representation  of  field  of  view 

^^tellite  Optical  Sensor  Payload  Design.  The  purpose  of  the  payload  on-board  the 
STSim  sateUite  was  to  demonstrate  an  architecture  which  could  support  an  experiment  which 
required  a  ground  controlled  optical  sensor  experiment.  As  such,  the  STSim  satellite  sensor 
model  IS  not  high-fidelity.  Sensor  position  and  orientation  resulting  from  commands  from  the 
ground  are  transmitted  to  the  command  center;  focal  plane  data  is  not  transmitted.  Higher  fidelity 

sensor  models  can  be  quickly  substituted  for  other  applications  due  to  the  object-oriented  nature 
of  the  STSim  satellite  model. 

The  class  and  object  hierarchy  of  the  optical  sensor  payload  is  depicted  in  Figure  18.  As  with 

other  objects  which  require  position  and  orientation  information,  the  sensor  inherits  from  the 
FreeBody  class. 
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Object  Hierarchy 


Class  Hierarchy 


Cmds  &  Tim 

Payload 
Functionalily 

Graphics 

Figure  18.  Satellite  payload  class/object  hierarchy. 

4. 1.8.3  Satellite  Optical  Sensor  Payload  Results.  The  results  of  the  optical  sensor  payload  were 
demonstrated  at  the  final  briefing.  Based  on  azimuth  and  elevation  commands  from  the  ground, 
the  sensor  reoriented  and  the  corresponding  sensor  field  of  view  was  portrayed  in  the  command 
center  on  the  ground.  Due  to  the  visual  and  dynamic  nature  of  the  demonstration,  no  effort  is 
made  to  portray  the  results  in  this  report. 

4.2  STSim  COMMUNICATIONS  NETWORK 

4.2.1  Communications  Network  Highlights 

The  STSim  communications  network  model  has  the  following  features: 

•  Based  on  BCCom,  high-fidelity  message-based  modeling  tool 

•  Contains  satellite,  FAFB  relay,  and  PL  nodes 

•  Processes  commands,  telemetry,  and  payload  messages 

•  Includes  message-based  features,  e.g.,  protocols,  routing,  buffers,  etc. 

•  Menu-driven  and  postprocessing  graphics 
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4.2.2  Communications  Network  Design 


Since  the  fundamental  purpose  of  this  program  was  to  demonstrate  a  capability,  the 
communications  network  model  was  kept  as  simple  as  possible.  The  network  model  was 
developed  using  BCCom  and  supported  both  analysis  and  realtime  operator-in-the-loop  modes  of 
operation.  The  three  nodes  in  the  system  modeled  message  processing  at  the  PL  command 
center,  the  FAFB  relay  node,  and  the  STSim  satellite.  Both  bus  and  payload  commands  were 
transmitted  from  the  command  center  to  the  satellite;  bus  and  payload  telemetry  were  transmitted 
from  the  satellite  to  the  command  center.  More  sophisticated  communications  networks  can  be, 
and  have  been,  developed  by  adding  nodes  and/or  processes  at  the  nodes. 

4.2.3  Communications  Network  Results 

BCCom  has  a  rich  set  of  postprocessing  graphics  which  are  available  for  both  the  analysis  and 
operator-in-the-loop  operations.  A  brief  summary  of  a  short  simulation  run  of  the  STSim 
communications  network  model  is  depicted  in  Table  1  and  Figures  19  through  21 .  For  this 
particular  scenario,  1 1  bus  commands  were  generated  at  the  PL  command  center  and  transmitted 
through  FAFB  to  the  satellite.  Eleven  telemetry  messages  were  also  generated  at  the  satellite 
payload  and  bus  subsystems.  Bus  telemetiy  was  transmitted  through  FAFB  to  PL  while  payload 
telemetry  was  sent  directly  to  PL.  All  messages  were  generated  at  constant  intervals. 


The  summary  of  the  message  flow  indicates  the  number  of  messages  generated,  the  nodes  these 
messages  were  transmitted  to,  and  the  average  transmission  times  (Table  1).  Note  that  the  SV 
node  corresponds  to  the  satellite  bus  node  and  the  S  node  corresponds  to  the  satellite  payload 
node.  The  message  generation  profile  shows  the  message  generation  intervals  and  the  cumulative 
number  of  messages  generated  for  each  node  (Fig.  19).  The  average  transmission  times  for  each 
message  indicates  that  the  messages  were  quickly  transmitted  and  that  there  was  no  noticeable 
message  backup  (Fig.  20).  Finally,  the  time  history  file  traces  each  message  as  it  is  processed 
through  each  layer  within  each  node  (Fig.  21).  The  time  history  file  provides  valuable  information 
for  the  purpose  of  network  model  verification. 


Table  1.  Communications  Network  Message  Flow  Summary. 


Source 

Node 

Number  of 

Messages 

Generated 

Destination 

Node 

Number  of 

Messages 

Received 

Average 

Time 

PL 

11 

FAL 

11 

0.1333E-01 

SV 

11 

0.1165 

SV 

11 

FALCON 

11 

0.1941 

PL 

11 

0.2529 

S 

11 

PL 

11 

0.8423E-01 
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0.0  10.0  20.0  30.0  40.0  SO.O  60.0  70.0  60.0  60.0  100.0 

Time  (sec) 


(a)  Messages  generated  at  node  SV. 


0.0  10.0  20.0  30.0  40.0  50.0  60.0  70.0  80.0  90.0  100.0 


Time  (sec) 

(b)  Messages  generated  at  node  S. 


Time  (sec) 


(c)  Messages  generated  at  node  PL. 

Figure  19.  Communications  network  message  generation. 
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(a)  Average  transmission  time  from  SV  to  PL. 


0.0  10.0  20.0  30.0  40.0  50.0  60.0  70.0  60.0  60.0  100.0 

Time  (sec) 

(b)  Average  transmission  time  from  S  to  PL. 


(c)  Average  transmission  time  from  PL  to  SV. 


Figure  20.  Communications  network  average  transmission  times 
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XXX.RUN  Generated  by  BCCom  (BCSi)  06-Jul-95  14:28:17 


Time  Id 

Node/Link 

Process 

Event 

0.00000  0 

'  S 

NET 

Generated  PAYLOAD 

0.00000  0 

S 

NET 

Inserted  msg  in  buffer 

0.00000  0 

S 

NET 

Message  left  buffer 

0.00300  0 

s 

DATAPL 

Inserted  msg  in  buffer 

0.00300  0 

s 

DATAPL 

Transmitted  message 

0.00300  0 

s 

DATAPL 

Message  left  buffer 

0.00300  0 

s 

NET 

Deleted  msg  from  buffer 

0.00600  0 

S_PL 

Successful  transmission 

0.00600  0 

S 

DATAPL 

Deleted  msg  from  buffer 

0.08426  0 

PL 

PHYSFMSV 

Received  msg  at  nodeO 

0.08426  0 

PL 

PHYSFMSV 

Received  msg  at  sink 

5.00000  1 

SV 

NET 

Generated  TELEMETRY 

5.00000  1 

sv 

NET 

Inserted  msg  in  buffer 

5.00000  1 

SV 

NET 

Message  left  buffer 

5.05729  1 

sv 

DATA2FAL 

Inserted  msg  in  buffer 

5.05729  1 

sv 

DATA2FAL 

Transmitted  message 

5.05729  1 

sv 

DATA2FAL 

Message  left  buffer 

5.05729  1 

sv 

NET 

Deleted  msg  from  buffer 

5.11458  1 

SV_FALCON 

Successful  transmission 

5.11458  1 

SV 

DATA2FAL 

Deleted  msg  from  buffer 

5.19408  1 

FALCON 

PHYS2SV 

Received  msg  at  node 

5.19408  1 

FALCON 

PHYS2SV 

Received  msg  at  sink 

5.19408  1 

FALCON 

NET 

Inserted  msg  in  buffer 

5.19408  1 

FALCON 

NET 

Message  left  buffer 

5.25138  1 

FALCON 

DATA2PL 

Inserted  msg  in  buffer 

5.25138  1 

FALCON 

DATA2PL 

Transmitted  message 

5.25138  1 

FALCON 

DATA2PL 

Message  left  buffer 

5.25138  1 

FALCON 

NET 

Deleted  msg  from  buffer 

5.25293  1 

PL_FALCON 

Successful  transmission 

5.25293  1 

PL 

PHYSFMFA 

Received  msg  at  node 

5.25293  1 

PL 

PHYSFMFA 

Received  msg  at  sinkl 

5.25293  1 

FALCON 

DATA2PL 

Deleted  msg  from  buffer 

Figure  2 1 .  Communications  network  time  history  file. 
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4.3  STSim  COMMAND  CENTER 


4.3.1  Command  Center  Highlights 

The  STSim  command  center  manages  both  satellite  bus  and  payload  commands/telemetry.  The 
STSim  command  center  bus  model  has  the  following  features: 

•  Generates  GPS  Block  HR  command  stream  for  SV 

•  Decodes  and  displays  GPS  Block  HR  telemetry  stream 

•  Includes  command  database  (343  discrete  and  181  serial  message  commands) 

•  Sends/receives  actual  bit  formats  (excluding  encryption) 

•  User  friendly  displays  for  entering  commands  (by  mnemonic  or  cmd  ID)  or  viewing  telemetry 

•  Includes  telemetry  master  frame  database  (5968  items) 

•  Displays  telemetry  frames  major/minor  frame  number  and  the  contents  on  hexadecimal  byte 
format 

•  Displays  a  sample  telemetry  view  (i.e.,  roll,  pitch,  yaw) 

•  Records  commands  sent  and  view  telemetry  received  to  log  files  and  telemetry  screens 
The  STSim  command  center  payload  model  has  the  following  features: 

•  Supports  operator-in-the-loop 

•  Processes  focal  plane  position  and  orientation  data  for  SV 

•  Other  BCSi  simulation  applications  have  processed  actual  focal  plane  pixel  data 

•  Forward  user  HCI  uses  BCSi  command  center  software  (i.e.,  readily  changeable  formats  and 
data  processing) 

•  Supports  2-D  and  3-D  graphics 
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4.3.2  Command  Center  Design 


The  design  of  the  PL  command  center  is  a  near  mirror  image  of  the  satellite  TT&C  subsystem 
described  in  Section  4.1.5  (Fig,  22).  The  user  generates  the  desired  command  via  the  command 
center  HCI.  The  HCI  uses  the  command  database  (the  same  one  used  on-board  the  satellite)  to 
convert  the  command  integer  to  the  appropriate  20-bit  command.  The  command  transmitter 
sends  the  command  to  the  satellite  via  the  STSim  communications  network  model. 


Figure  22.  STSim  command  center  design. 

Telemetry  from  the  satellite  arrives  at  the  telemetry  receiver  and  is  decoded  using  the  telemetry 
database  (again,  the  same  database  as  used  on-board  the  satellite).  The  telemetry  database  is  also 
used  to  drive  the  telemetry  screens  at  the  command  center. 

The  satellite  payload  telemetry  is  interpreted  on  the  ground  and  the  corresponding  sensor 
viewpoint  is  displayed  on  the  forward  user  console  along  with  time,  satellite  position,  and 
viewpoint  information. 
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4.3.3  Command  Center  Results 


Command  center  screens  display  the  main  window,  command  views,  satellite  bus  telemetry,  and 
forward-user  payload  telemetry.  The  command  center  main  window  consists  of  four  pull-down 
menus  across  the  top,  simulation  scenario  status  information,  write  message  buttons,  and  a  text 
window  (Fig.  23).  Command  and  telemetry  screens  are  accessed  from  the  pull-down  menus.  The 
scenario  status  information  is  self-explanatory.  The  write  message  buttons  allow  the  operator  to 
monitor  message  generation  either  by  viewing  information  in  the  text  window  or  in  the  log  files. 


GPS  ihk  bn  Orta  Operations  Console  (version  1.0) 

li  Exit  Commands  Views  Options  | 

Time  _  _  _ 1  | 

Cmds  sent  I  0 

□Write  messages  to  window 

□Write  messages  to  log  file 

Figure  23.  Command  center  main  window. 

Command  views  exist  for  both  discrete  and  serial  message  commands  (Figs  24  and  25).  Both 
screens  are  supported  by  the  commands  database,  i.e.,  when  either  the  command  mnemonic  or 
command  integer  is  entered,  information  such  as  command  description,  octal  code,  and  parameter 
description  is  automatically  filled  in.  Buttons  are  included  for  transmitting  the  command  and 
closing  the  window. 
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Figure  24.  Command  center  discrete  command  view. 


I  Message  Commands 


Dm 


Command  mnemonic 


Command  ID 


Description: 
Octal  Code: 


PATCH  IFTEST/SELTS 


2600011 


#  Parameters:  [8 


Parameter 


CMX  IFTEST  ADDRESS 


CMX  SELTS  ADDRESS 


RECEIVE  CONTROL  CONNECTION  ADDRESS 


RECEIVE  CONTROL  SIZE 


SEND  CONTROL  CONNECTION  ADDRESS 


SEND  CONTROL  SIZE 


RECEIVE  CONTROL  CONNECTION  CODE 


SEND  CONTROL  CONNECTION  CODE 


Subsystem: 


TT&C  SPU 


Transmit 


Figure  25.  Command  center  serial  message  command  view. 
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The  telemetry  frame  view  allows  the  operator  to  view  the  bytes  of  each  telemetry  frame  as  they 
are  received  (Fig.  26).  Another  telemetry  screen  allows  the  operator  to  view  the  values  of  a  few 
selected  telemetry  measurands.  Additional  telemetry  screens  with  various  screen  formats  can  be 
easily  created  with  the  BCCmdCtr  software. 


Telemetry  frames  received 


liE 


Minor  frame  []o 


Bytes  0-15 
Bytes  16-31 
Bytes  32-47 
Bytes  48-63 


I  Minor  frame 


Teiemetry  payload 


V-VWV.^W.VAW.V•^VVl*fWW.VWVW^^^V•%VA•-VWVW%^< 


Close 


Figure  26.  Command  center  telemetry  frame  view. 

The  command  center  forward  user  main  view  portrays  the  on-board  sensor  view  (Fig.  27).  This 
view  is  derived  from  the  sensor  and  satellite  position/orientation  telemetry.  Actual  focal  plane 
data  has  been  transmitted  in  support  of  other  projects,  such  a  capability  can  be  easily  added  to 
STSim. 
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3J(M)0000 


-41999998 -OffleO 


Figure  27.  STSim  forward  user  sensor  viewpoint. 

4.4  STSim  OPTIONAL  CAPABILITIES 

Several  BCSi  simulation  environment  capabilities,  in  addition  to  those  in  the  current  version  of 
STSim,  have  been  developed  as  part  of  other  simulation  projects  (Refs.  2,3,4).  A  brief  listing  of 
the  highlights  of  threat/launch  vehicle,  transmission  medium,  and  proctor  options  follows. 

4.4.1  Threat/Launch  Vehicle  Option 

The  threat/launch  vehicle  segment  of  the  BCSi  simulation  environment  has  the  following  features: 

•  Simulates  a  salvo  of  missiles 

•  Displays  scenario  in  color  3-D  graphics 
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•  Loads  different  missile  scenarios  from  threat  input  file 

•  Threat  file  is  created  using  a  dedicated  off-line  3-D  graphical  environment 

•  Individual  multiple-stage  missiles  are  defined  by  user  (e.g.,  mass,  exit  velocity, ...) 

•  Each  missile  can  carry  multiple  re-entry  vehicles 

•  Missiles  are  targeted  by  setting  launch  coordinates,  pitch  maneuver,  and  stage  bum  times 

•  Missiles  may  be  used  as  satellite  launch  vehicles 

4.4.2  Transmission  Medium  Option 

The  transmission  medium  segment  of  the  BCSi  simulation  environment  has  the  following  features: 

•  Supports  connectivity  between  “emitters”  and  ‘  receivers 

•  Supplies  array  of  course  filtered  emitters  which  are  within  the  line  of  sight  of  the  requesting 
receiver 

•  Architecture  supports  bi-directional  calculations  of  power  from  a  specific  emitter  to  receiver 

4.4.3  Proctor  Option 

The  proctor  segment  of  the  BCSi  simulation  environment  has  the  following  features: 

•  Realtime  anomaly  inputs  to  satellite  and/or  communications  network 

•  Provides  realtime  contingency  planning 

•  May  be  initiated/terminated  any  time  during  scenario 

•  Monitors  operator  actions 

•  Stores  inputs  for  later  playback 
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5.0  SUMMARY 


As  demonstrated  during  the  Final  Briefing,  the  STSim  simulation  environment  achieved  the 
specified  requirements.  In  particular,  the  STSim  environment: 

•  Supports  PL  assets 

•  Supports  software  development  phases 

•  Uses  BCSi  software  tools,  procedures,  and  infrastructure 

•  Supports  analysis  and  realtime  operations 

•  Has  flexible  scope  and  level  of  fidelity 

•  Utilizes  object-oriented  techniques 

In  short,  STSim  can  be  a  valuable  tool  in  the  support  of  definition,  acquisition,  and  operation  of 
PL  space  experiments. 
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6.0  RECOMMENDATIONS 


Recommendations  regarding  STSim  future  work  follow: 

•  Expand  the  utility  of  the  software  to  the  mission  and  campaign  level  by  using  an  open 
architecture  which  will  allow  integration  with  standard  protocols  such  as  DIS  (Distributed 
Interactive  Simulation)  and  ADS  (Advanced  Distributed  Simulation). 

•  Provide  a  user  fnendly  interface  and  detailed  user  documentation  to  allow  third  party  module 
C++  software  development  by  engineers. 

•  Expend  the  modularity  of  the  software  to  allow  the  exchange  of  software  modules  with 
associated  hardware  modules,  thereby  providing  a  framework  for  building  a  Hardware  in  the 
Loop  (HIL)  capability. 

•  Develop  a  strategy  for  validating  the  simulation  model  against  real  flight  data,  e.g.,  payload, 
bus  subsystems,  and  /or  mission  operations. 

•  Use  STSim  to  provide  support  to  a  PL  space  experiment.  The  specific  nature  of  the  support 
would  depend  on  the  space  experiment  phase  of  development,  i.e.,  definition,  acquisition,  or 
operations. 
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APPENDIX  A 

GPS  IIR  DISCRETE  COMMAND  BY  COMMAND  NUMBER  TABLE 
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AUL/LSE 

Bldg  1405  -  600  Chennault  Circle 
Maxwell  AFB,  AL  36112-6424 

1  cy 

DTIC/OCP 

8527  John  J.  Kingman  Rd,  Suite  0944 

Ft  Belvoir,  VA  22060-6218 

2  cys 

AFSAA/SAI 

1580  Air  Force  Pentagon 

Washington,  DC  20330-1580 

1  cy 

PL/SUL 

Kirtland  AFB,  NM  87117-5776 

2  cys 

PL/HO 

Kirtland  AFB,  NM  87117-5776 

1  cy 
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PL/SXEA/Jesse  Leitner 

4  cys 

